Introduction
Cancer remains one of the primary public health concerns in the US. It has been estimated that ~40% of men and women will receive a cancer diagnosis at some point during their lifetime. 1 While cancer is associated with substantial mortality, the number of people living beyond a cancer diagnosis is increasing and is projected to be 19 million by 2024. 1 With improved survival rates after diagnosis, cancer is shifting from a terminal illness to a chronic disease.
Cancer will result in a greater burden of disease due to increasing health care utilization and costs of care. Disease morbidity and mortality, as well as economic measures,
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iadeluca et al such as health care expenditures and productivity loss, are commonly used to quantify the total burden of disease. 2 However, relatively little is known about the economics of cancer survivorship. 3 Cancers vary by patients affected, risk factors, outcomes, and resource utilizations. Population studies designed to characterize differences in epidemiology and outcomes among cancer types can guide approaches for targeted disease management that may help improve patient outcomes and reduce costs. Therefore, the purpose of this study was to provide an overview of trends among cancer survivors and compare functional limitations, health care resource utilization, and expenditures relative to US adults without cancer.
Methods
Data sources and population
The current analysis was limited to subjects ≥18 years old. Publicly available data sources used to characterize the burden of cancer among US adults included the Surveillance Epidemiology and End Results (SEER) database, 4 the National Health Interview Survey (NHIS), 5 and the Medical Expenditure Panel Survey (MEPS). 6 SEER is a database developed and maintained by the US National Cancer Institute. The database provides information on cancer incidence and survival from several populationbased cancer registries throughout the US. Newly diagnosed invasive cancer cases were obtained from the SEER 9 registries database from 1973 to 2012 covering ~9.4% of the US population. 4 The 11 cancers with the highest frequency from the SEER 2011 prevalence data were included in this study. Cancer types were defined using the International Classification of Diseases for Oncology, third edition (ICD-O-3) of the World Health Organization (WHO). 7 NHIS, which is administered by the US Census Bureau, is a cross-sectional household interview survey of a nationally representative sample of civilian, noninstitutionalized individuals within the US. 5 NHIS 2013 provides information on various health components such as cancer history, health behaviors, cancer screening behaviors, and functional limitations (i.e. reductions in performance of activities). We utilized the 2013 NHIS dataset as it was the most recent data release with supplementary questions including expanded content measuring cancer screening in adults. Participants were classified as cancer survivors based on the question "Have you ever been told by a doctor or other health professional that you had cancer or malignancy of any kind?". Those who responded "Yes" and had hematologic malignancies, melanoma, and breast, prostate, lung, colon/rectal, bladder, kidney/renal, uterine, thyroid, or pancreatic cancers were included in the analysis, and those who responded "No" comprised the non-cancer control population; all other respondents were excluded from further analysis.
Health care expenditures were measured using the 2011 MEPS household component survey, which is conducted by the Agency for Healthcare Research and Quality (AHRQ) and National Center for Health Statistics (NCHS). 6 The MEPS consists of surveys of families and individuals, their medical providers, and employers across the US, and represents the most complete data source on health care utilization and costs. Expenditures in MEPS comprised direct payments for care provided during the year, including out-of-pocket payments and payments by private insurance, Medicaid, Medicare, and other sources, and are reported in 2011 USD. Provider data obtained through a supplemental survey of hospital events, physician office visits, and home health care are used for cost data. Payment information for prescription medications is obtained directly from pharmacies. MEPS 2011 data were supplemented with a self-administered questionnaire for current cancer patients and cancer survivors identified in MEPS. The supplement provided information on financial impacts, long-lasting effects of disease, and employment outcomes for cancer survivors and their families. Adult cancer survivors were identified from a survey question asking if a doctor or health professional had ever told them they had cancer or a malignancy of any kind. Similar to the NHIS population, the analysis population was limited to only those who were diagnosed with the selected cancers.
All data from the SEER, NHIS, and MEPS databases are de-identified and fully compliant with the Health Insurance Portability and Accountability Act of 1996; since this was a secondary analysis of these data, review and approval by an institutional review board was not required.
Outcomes
From NHIS, we utilized data on demographic characteristics of the populations and the presence of comorbidities; several self-reported behavioral risk factors including smoking, exercise, obesity, and alcohol consumption were evaluated. The age of diagnosis and experiences with cancer treatment were obtained for cancer survivors. Cancer screening was assessed based on the length of time since the last preventative care screen for specific cancer types (mammogram, prostate-specific antigen, fecal occult blood, and Pap test). In addition, we examined cancer screening by age groups based on the recommended ages for each of the screening approaches. 
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The burden of selected cancers in the Us limitation affecting activities of daily living or instrumental activities of daily living, or work limitations. We report on specific symptoms such as pain (within the past 3 months), fatigue (within the past 3 months), and sadness (within the past 30 days). From the MEPS dataset, costs of care were assessed based on the source of payment and health care resource utilization categories of office-based visits, emergency room (ER) use, hospital outpatient visits, inpatient visits, prescription medications, and home health care.
statistical analyses
Incidence rates per 100,000 person years were calculated and age-adjusted to the year 2000. Descriptive statistics, chi-square tests for categorical variables, and Student's t-test for continuous variables were used to characterize and compare cancer survivors and non-cancer controls for the 11 most frequently diagnosed cancers within the US. Estimates were weighted to account for the NHIS and MEPS complex survey design. A P-value <0.05 was considered statistically significant, with no adjustments for multiplicity. All analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
Cancer incidence and survival
According to SEER data, the 11 most commonly diagnosed cancers in the US (incidence per 100,000 population) were breast (81.4), prostate (80.9), lung (77.5), and colon/rectal (64.7) cancers, followed by hematologic malignancies (47.9), and bladder (25.5), melanoma (20.1), uterine (18.2), pancreatic (14.8), kidney/renal (14.2), and thyroid (10.2) cancers. Breast cancer had the highest incidence among adult women, 156.4 per 100,000 women, and prostate cancer had the highest incidence among adult men, 167.2 per 100,000 men. Except for thyroid cancer, incidence rates of other cancers were higher among men than among women.
Many of the cancers had a high 5-year relative survival rate, with nearly all cancers showing >50% survival regardless of stage of diagnosis. Thyroid, prostate, melanoma, and breast cancers had the highest 5-year survival rates, ~90% or greater. However, in adults diagnosed with distant stage of cancer, 5-year relative survival decreases (thyroid: 59.8%; prostate: 30.7%; melanoma: 15.6%; breast: 21.9%). Lung and pancreatic cancers had the lowest survival rates, 15.6% and 4.6%, respectively. For each tumor type, 5-year relative survival rate decreased with increasing stage of disease from local to regional and distant.
Characteristics of cancer survivors and non-cancer controls
Cancer survivors were more likely to be older, female, White, and had greater unemployment than non-cancer controls (Table 1 ). There were also significant differences in income and education levels, although the differences between populations were numerically small, which was a possible consequence of a large sample size.
Cancer survivors had a higher prevalence of comorbid conditions than non-cancer controls regardless of age ( Table 2 ). In particular, cancer survivors 18-39 years old had a significantly higher prevalence of angina, arthritis, COPD, heart attack, and stroke compared with non-cancer controls in the same age group. Cancer survivors 40-64 years old had a significantly higher prevalence of all comorbid conditions, with the exception of diabetes, compared with non-cancer controls. Cancer survivors ≥65 years old had a significantly higher prevalence of arthritis, COPD, and heart attack than their non-cancer counterparts.
symptoms and functions
Among 40-to 64-year-old cancer survivors, the presence of pain (P=0.0003), fatigue (P=0.0005), and sadness (P=0.0012) was consistently higher compared with noncancer controls ( 
Risk factors and preventative care
A significantly higher proportion of cancer survivors relative to non-cancer controls self-reported current smoking (48.9% vs. 46.9%; P<0.0001) ( Table 4 ), but differences were observed when stratified by age among those who ever smoked. Current smoking appeared to be driven by age. While young cancer survivors (18- The time frame for the most recent cancer screening tests among US adults ≥50 years old was similar for cancer survivors and non-cancer controls (Table 5) . However, more than half (55%) of the non-cancer controls reported never having undergone a colonoscopy or sigmoidoscopy compared with ~30% of cancer survivors who reported never having undergone a colonoscopy or sigmoidoscopy.
Medical spending
Total annual direct spending for the 11 most frequent cancers was estimated at $169.4 billion, with breast and prostate cancers having the highest direct expenditures at $39.0 billion and $36.8 billion, respectively (Figure 1 ). These two cancers accounted for 41.7% of total spending, which can be attributed to their higher incidence and favorable survival rates. The estimate for pancreatic cancer, with the lowest annual direct medical spending among all cancers, was $4.2 billion.
Resource utilization costs showed diverse patterns among the four cancers having the highest incidence rates (Figure 2) . While ER and home health care costs were consistently low across these cancer types, inpatient hospitalizations appeared to be the primary driver of costs for prostate ($18.6 billion; 52.8% of spending) and lung cancers ($5.8 billion; 38.6% of spending). For breast cancer, costs were driven almost equally by prescription medications ($11.2 billion) and office-based visits ($11.1 billion), with each category accounting for ~30% of annual direct spending. In patients with colorectal cancer, office-based visits ($4.1 billion; 27.0% of spending) was the primary cost driver, followed by prescription medications ($3.9 billion; 25.9% of spending). Primary payment source varied by the type of cancer; for example, 42.9% of breast cancer spending was paid through private insurance, while 65.8% of prostate and 38.9% of colorectal cancer spending were paid through a combination of Medicare and private 
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Discussion
Although the socioeconomic impact of specific cancers is well recognized, the current analysis provides a population-level 
727
The burden of selected cancers in the Us evaluation of the epidemiology and burden, especially with regard to health care resource utilization costs, associated with the 11 most common cancers. The cancer burden is dependent upon, at least to some extent, the increasing rate of cancer survival. 1, 8 The concept of cancer survivorship is evolving as survival rates increase and focus is shifting toward the management and improvement of patient quality of life as an important component of care. 9 Several symptoms that likely contribute to quality of life are evaluated in the current analysis including pain, sadness, fatigue, and functional limitations. For these, cancer survivors 40-64 years old reported higher rates, and those ≥65 years old reported the lowest rates except for functional limitations, the rates of which were lowest in those 18-39 years old and may be a consequence of age-related factors. In older cancer survivors, symptoms were present with a similar frequency as those of non-cancer controls. However, reporting of functional limitations was higher in cancer survivors than in non-cancer controls. The similarity in symptoms may not be surprising, given that older age is also associated with a variety of comorbid conditions besides cancer that can have similar affects, potentially attenuating the difference between cancer survivors and non-cancer controls. Our findings agree with previous research of cancer survivors that found poorer health and disability. 10 There is a significant comorbidity burden associated with cancer survival across all age groups. Interestingly, several conditions that are generally considered to be age related including musculoskeletal diseases and cardio-and cerebrovascular conditions, such as angina, heart attack, and stroke, had a substantially higher prevalence among 18-to 39-year-old cancer survivors than non-cancer controls. The higher prevalence of these comorbidities in the younger demographic may relate to the observation that cardiovascular disease and cancer share common risk factors or to cancer treatment-related effects. 11 In addition, several behavioral risk factors including smoking, lack of exercise, and obesity also have a high prevalence in this age group.
Most behavioral risk factors have a higher prevalence in cancer survivors relative to non-cancer controls regardless of age group. In particular, among cancer survivors who ever smoked, almost half still report being current smokers. Within each age group, we find that current smoking, among ever smokers, is similar in cancer survivors as non-cancer controls similar to other studies. 12 A notable exception is alcohol consumption, which is present to a similar extent in the cancer and non-cancer populations. While smoking has been well publicized as a known risk factor for cancer, both obesity and alcohol consumption are associated with specific types of cancer, 13, 14 with obesity also associated with cancer 15 The presence of these risk factors suggests that even among cancer survivors, there may be little behavior modification for further reducing downstream risk of cancer.
Despite cancer survival, there is generally poor adherence to cancer screening guidelines which recommended testing every 1-2 years for colorectal (fecal occult blood test), prostate (prostate-specific antigen test), and breast (mammography) cancers. 16 For all screening tests, more than half of the cancer survivors report that the duration since their last test exceeded the recommended testing frequency. Adherence rates among cancer survivors were similar to or arguably slightly lower than those among the non-cancer controls, since higher proportions of cancer survivors reported that their most recent tests were ≥5 years ago. Others reported that cancer survivors have higher 
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The burden of selected cancers in the Us screening rates than the general population; however, this study examined employed cancer survivors who may reflect a healthier cancer population. 17 We have shown that total annual direct spending for cancer is high at an estimated $169 billion. Previous MEPS analyses found that cancer had a significant effect on total medical expenditures and patient time costs of adult survivors, even for longer term survivors. 18, 19 Annual direct spending varies by cancer type, but the most expensive cancers have both the highest incidence and the highest 5-year relative survival rates. Among the four most common cancers, both health care spending by resource and source of spending varied by the type of cancer. Resource utilization for prostate and lung cancers was driven by inpatient hospitalizations, whereas for breast and colorectal cancers, office-based visits and prescription medications were the two main drivers, which may be a reflection of the increased use of oral treatments. 20 The majority of payments are through Medicare or a combination of Medicare and private insurance which is to be expected given the demographics of the cancer population. Although we did not examine productivity losses, a recent publication showed that in addition to excess medical expenditures, nonelderly breast and colorectal survivors experienced greater productivity losses. 21 
limitations
Since this is a cross-sectional, observational study, the results presented are unadjusted; therefore, causal inferences cannot be made and all relationships should be considered associative. Additionally, there are potential sample size limitations; for example, breast cancer analyses were limited to women since estimates for male breast cancer are unreliable. Other limitations that should be considered include potential errors in coding or recordkeeping in the clinical databases and recall bias in the general population survey. These analyses focused on the top 11 cancers as determined by the SEER, and therefore may not be generalizable to other tumor types. Finally, while the analysis used the most recent data available, the databases have overlapping years or have different years of data collection, thereby reflecting the inherent challenges in measuring the burden of cancer among US adults.
Conclusion
Cancer is associated with a substantial patient burden resulting from the presence of symptoms and functional impairment, as well as an economic burden because of high direct medical costs. The high survival rate among patients with the most common types of cancer suggests that both the population and the needs of the cancer population will increase. Differences were observed between cancer survivors and non-cancer adults across demographic characteristics, comorbidity burdens, and behavioral risk factors and functional characteristics. These results enhance our understanding of the differences in the health and well-being of adults with cancer, as well as the patterns of health care resource utilization in this population. Furthermore, this study suggests the magnitude of health care spending, which differs across cancers for total costs as well as for cost drivers and sources of payment. Such an understanding represents an initial step toward the goal of informing the development of targeted interventions and policies for appropriate management of cancer patients.
